INTRODUCTION
Blood flow problems have received a major attention by various researchers during the past few years. Blood in the human body carries out various types of functions like transport of nutrients and oxygen for their metabolic activity, removal of carbon dioxide, removal of metabolic products and circulation. Furthermore, microcirculation in a human body is very much helpful to maintain the body temperature stable. The rheological feature of blood such as non-Newtonian viscosity, viscoelasticity, physicochemical features of plasma and thixotropy play a major role in flow regulation in various diseases and health. Blood is composed of red blood cells (RBC), white blood cells (WBC) and Platelets. Srivastava and Saxena [1] investigated two layered Casson fluid model through stenotic vessels which are applicable to the cardiovascular system. Later, Srivastava [2] explored the particle fluid suspension model of blood flow through stenotic vessels. Again, Srivastava and Saxena [3] described the two-fluid model for non-Newtonian blood induced by the peristaltic wave. Several authors [4] [5] [6] [7] [8] [9] [10] examined the blood flow problems with various biological fluids.
The peristaltic mechanism is a spontaneous process that occurs due to symmetrical contraction and suspension of smooth muscles in a living body. In a human body, urine transport from a kidney to the bladder, gastrointestinal tract, ovum in the female fallopian tube, male and female reproductive systems are the most common examples in which peristaltic waves occurs.
Many devices work on the mechanism of peristalsis e.g. finger pumps, dialysis machine, blood pump machines and roller pumps. Bio-heat transfer has also received a major attention due to its wide application in thermoregulation and human thermotherapy system. Peristaltic flow with heat and mass transfer has also various applications in biomedical engineering, physiology and nuclear industry like conduction process in tissues, vasodilation, convection of heat due to blood flow, radiation between a surface and its environment and processing of various food items. Peristaltic flow with heat and mass transfer can also be observed in oxygenation and hemodialysis. The mass transfer also plays an important and significant role in a human body such as diffusion process. Mass transfer is also applicable in a various industrial process such as reversal osmosis, combustion process, diffusion of chemical properties and membrane separation process. Akbar [11] analyzed the effects of heat and mass transfer on Carreau blood flow model through a tapered stenosis artery. Akbar et al. [12] examined the heat transfer analysis on a metachronal wave of cilia in copper nanofluids. Nadeem et al. [13] studied the nanoparticle phenomena on peristaltic flow of Jeffrey fluid model through a rectangular duct. Ellahi et al. [14] considered the effects of heat and mass transfer on peristaltic flow of viscous fluid in a non-uniform rectangular duct. Extensive literature on the present analysis can be found from the references [15] [16] [17] [18] [19] [20] and several therein.
On the other hand, Magnetohydrodynamics also play a major and important role in biomedical engineering such as it is very helpful in magnetic drug targeting for various types of cancer diseases. Magnetohydrodynamics is also found in various engineering problems like electromagnetic casting, cooling of different nuclear reactors and plasma confinement. For various biological fluids, Magnetohydrodynamics is also favorable to control the flow due to the effects of Lorentz force. Mekheimer [21] explored the effects of magnetic field on peristaltic flow of couple stress fluid. Mekheimer et al. [22] considered the effects of magnetic field on peristaltic flow through a porous medium due to a surface acoustic wavy wall. Rashidi et al. [23] analyzed numerically the influence of magnetic field and heat transfer on nanofluid in a channel having sinusoidal walls. (2) is based on the mathematical formulation of the problem, Sec. (3) described the solution of the problem finally, Sec. (4) is devoted to numerical results and discussions.
MATHEMATICAL FORMULATION
Let us consider the peristaltic motion of Casson fluid (treated as blood) through a two dimensional non-uniform channel with sinusoidal wave propagating towards down its walls. The fluid is electrically conducting by an external magnetic field B 0 applied to it. We have chosen Cartesian coordinate system in such a way thatx−axis is considered along the center line in the direction of wave propagation andỹ−axis is transverse to it as shown in Fig. (1) . The geometry of the wall surface can be written as
where The governing equation of continuity, momentum, energy and concentration equation for incompressible, irrotational blood flow can be written as
The stress tensor for the Casson fluid model is defined as
In the above equation π = E i,j , and we have considered P y = 0. Now, it is convenient to define the non-dimensional quantities
Let us consider the assumption of long wavelength and creeping flow regime approximation.
Using Eq. (9) in Eq. (3) to Eq. (7), we get
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subject to the respective no-slip boundary conditions
SOLUTION OF THE PROBLEM
The exact solution of Eq. (10) to Eq. (12) can be obtained after integrating twice, we get
θ(x, y) = 1
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The instantaneous volume rate is defined as
The pressure gradient can be calculated with the help of above equation, we get dp dx =
The non dimensional form of Pressure rise (∆P L ) and Friction force (∆F L ) at the wall along the whole length of the non-uniform channel (L) is given by
The expression for stream function satisfying equation of continuity are defined as
The above results can be reduced to Newtonian fluid by taking ζ → ∞ in Eq. (10) as a special case of our study. The solution of velocity profile for Newtonian fluid can be written as
NUMERICAL RESULTS AND DISCUSSION
In this section the graphical results of all the physical parameters are sketched and discussed in detail. For this purpose • Velocity of fluid shows opposite behavior near the walls for Hartmann number (M ) and
Casson fluid parameter (ζ) .
• Pressure rise increases due to the increment in Hartmann number (M ), while its behavior is opposite for Casson fluid parameter (ζ).
• Temperature profile decreases due to the increment in Eckert number (Ec) and Prandtl number (Pr).
• Concentration distribution increases for higher values of Schmidt number (Sc) and Soret number (Sr).
• The present analysis can also be reduced to a Newtonian fluid by taking ζ → ∞ as a special case of our study. 
